® 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 337 457 

A2 



© 



EUROPEAN PATENT APPLICATION 



Annlir>'3tinn nnmhor AQ*1 nfifi^fl fl 
VrV MppitC31IUIl IIUIIILWI. WIUOWUiU 

(£\ rtato nf fiiinn- 1 0:4 fi?l 


® Int CI. 4 : G1 1C 8/00 


© Priority; 13.04.88 JP 91083/88 


® Applicant: KABUSHIKI KAISHA TOSHIBA 


72, Horikawa-cho Saiwai-ku 


© Date of publication of application: 


KawasaW-shi Kanagawa-ken 210(JP) 


18.10.89 Bulletin 89/42 


@ Inventor: Nogami, Kazutaka c/o Intellectual 




© Designated Contracting States: 


Property Div. 


DE FR GB 


Kabushikl Kalsha Toshiba 1-1 Shibaura 




1-chome 




Mlnato-ku Tokyo 105(JP) 




© Representative: Henkel, Feiler, Hanrel & 




Partner 




Mbhlstrasse 37 




D-3000 Munch en 30(DE) 



© Memory device having a plurality of memory cell arrays with different organization. 



© A memory circuit built into a single-chip in- 
tegrated circuit includes a first memory cell array 
(1), and a second memory cell array (2) having a 
structure different from tMu ttiuuture of the first 
memory cell array, commonly using part (Ai to Aj) of 
addresses with the first memory cell array, and 
having the same number of rows as said first mem- 
ory cell array. The first and second memory cell 
arrays are commonly connected to decoding means 
(3) for decoding the commonly used addresses (Ai 
to Aj). Each word line (WL) is connected commonly 
to memory cells (6) of the corresponding row of the 
first and second memory cell arrays (1, 2). When the 
^potential of a word line is set to the active level. 
Unconnected memory cells are selected. The decoder 
LOis connected to the word lines (WL), to decode the 
^"row addresses (Ai to Aj) and set the potential of a 
ps,word line (WL) corresponding to the row addresses 

CO to the active level. 
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Memory device having a plurality of memory cell arrays with different organization 



The present invention relates to a semiconduc- 
tor integrated circuit and, in particular, to a semi- 
conductor integrated circuit having a plurality of 
memory cell arrays constituted by a plurality of 
memory ceils with different organization or a plural- 
ity of different ceils in a single chip. 

There are logic LSIs (large-scale integrated cir- 
cuits) including memories or memory LSIs. each of 
which has a plurality of memory cell arrays with 
different structures in a single chip. In this case, 
the memory cell arrays with different structures 
include 1 ) memory ceil arrays with different storage 
capacities, 2) memory cell arrays with different 
parallel inputfoutput bit numbers, and 3) memory 
cell arrays constituted by different memory cells 
(foe- example, a combination of one-port memory 
cells and two-port memory "cells* Qf a combination 
of static memory cells and dynamic memory cells). 

Fig. 1 shows an example of the LSI having 
memory cell arrays with different structures in a 
single chip. The LSI shown in Fig. 1 includes two 
memory cell arrays, 61 and 62, having different 
organization, to which some (Ai to Aj) of address 
signals are commonly supplied. While the memory 
cells constituting memory cell arrays 61 and 62 
have the same structure, the storage capacity of 
cell array 61 differs from that of cell array 62, and 
for this reason, each memory cell array is designed 
so that a maximum operation speed can be ob- 
tained in relation to storage capacity. As a result, 
memory cell arrays 61 and 62 have substantially 
square patterns. In Fig. 1. symbol WL indicates a 
word line. BL and BL bit lines, numerals 64 and 65 
a row decoder and a column decoder for memory 
cell array 61. and 66 and 67 a row decoder and a 
column decoder for memory cell array 62. Memory 
eel] arrays 61 and 62 commonly use some (Al to 
Aj) of addresses. Address signals for memory cell 
array 61 are indicated by Ai to Aj (common ad- 
dress part) and Aj + 1 to Ak. and address signals 
for memory cell array 62 are indicated by Ai to Aj 
(common address part) and Aj + 1 to Am, and 
Am + 1 to A'k. 

With the above structure, the length of wiring 
for common address signals Ai to Aj increases, as 
does the floating capacity of an address line, the 
address signals decoding time becomes longer, 
and the operation speed of the LSI decreases. In 
particular, in the case of a static RAM (Random 
Access Memory), the decoding time of the address 
signals occupies 40% to 50% of the access time. 
Thus if the capacity of the address signal lines 
increases, the operation speed of the LSI is lower- 
ed considerably. In the case where the sizes 
(occupation areas) of two memory cell arrays 61 



and 62 differ significantly from each other, a non- 
used area is likely to occur within a chip. In particu- 
lar, such a non-used area Is like to occur in a chip 
in which memory cell arrays occupy a large area. 

5 Consequently, the chip size becomes undesirably 
larger, resulting in a decrease in the gross number 
of chips per wafer, and an increase in the manufac- 
turing cost of the resulting LSIs. 

Fig. 2 shows a circuit structure of a conven- 

to tional cache memory. The cache memory shown in 
this Figure comprises different memory cells. In 
this memory, two memory cell arrays. 71 and 72. 
which commonly use some (Ai to Aj) of address 
signals, are arranged within a single chip. Memory 

75 cell array 71 is a one-port memory array made up 
of one-port memory cells 73. while memory cell 
array 72 is a two-port memory cell array made up 
of two-port memory cells 73. In Fig. 2 , sym bol WL 
indicates a word line, and BL and BL bit lines. 

20 Reference numerals 74 and 75 denote a row de- 
coder and a column decoder for memory ceil array 
71. 76 and 78 a first row decoder and a first 
column decoder for memory cell array 72, and 77 
and 79 a second row decoder and a second col- 

25 umn decoder for memory cell array 72. Address 
signals for memory cell array 71 are indicated by 
Ai to Aj and Aj + 1 to Ak. Address signals for a first 
port of memory cell array 72 are indicated by Ai to 
Aj (common address part) and Aj + 1 to A m, and 

30 A'm + 1 to A'k, and address signals for a second 
port of memory cell array 72 are indicated by Bi to 
Bj and Bj + 1 to Bm, and Bm + 1 to Bk. 

The cache memory of the above structure is 
used, for example, in a computer system of the 

as type wherein a CPU (Central Processing Unit) bus 
and a system bus are separated. The two-port 
memory is accessed from both the system bus 
side and the CPU bus side, whereas the one-port 
memory is accessed only from the CPU bus side. 

40 In this case, address signals Ai to Aj from the CPU 
bus side are commonly used by cell arrays 71 and 
72. 

In the structure of Rg. 2, as in the structure of 
Rg. 1, the floating capacity of the commonly used 

45 address signal lines increases and the operation 
speed decreases. In particular, in the case of cache 
memory, the address signals which are commonly 
used are supplied from the CPU. Since high-speed 
operation is required in the CPU, the degradation in 

so performance due to the floating capacity is signifi- 
cant. 

The object of the present invention is to pro- - 
vide a semiconductor integrated circuit having a 
small chip size, and which is capable of high-speed 
operation. 
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In order to achieve the above object, a one- 
chip semiconductor memory of the present inven- 
tion comprises: 

a first memory cell array (1 ) for storing information; 
a second memory cell array (2) having a structure 
different from that of said first memory cell array 
and using part (Ai to Aj) of address signals com- 
monly with the first memory cell array; and 
decoder (3) for decoding the common address 
signals (Ai to Aj) supplied to the first and second 
memory cell arrays. 

With the above structure, a plurality of memory 
cell array are commonly connected to decoder. 
Thus, the capacity of the commonly used address 
signal lines is decreased, and high-speed operation 
can therefore be realized. If the plural memory ceil 
arrays are arranged in series in the direction of 
columns of the arrays, the memory ceil arrays can 
be arranged in a rectangular pattern as* a whole. As 
a result, the area on the chip occupied by the one 
chip semiconductor memory is made smaller, the 
chip size can be reducedj £nd the chip cost de- 
creased. 

K. in the case of a plurality of memory cell 
arrays having different memory cells, the row pitch 
(word line pitch) is suitably set, the number of rows 
of the two arrays can be made equal and single 
row decoder can be commonly used by the two 
arrays. Also, in the case where a memory cell array 
formed of static-type memory cells and one formed 
of dynamic-type memory cells are jointly provided, 
it is possible for the row decoding means to be 
commonly used by both arrays, enabling high- 
speed operation to be attained and the chip made 
smaller in size. 

This invention can be more fully understood 
from the following detailed descrition when taken in 
conjunction with the accompanying drawings, in 
which: 

Figs. 1 and 2 show circuit structures of con- 
ventional semiconductor integrated circuits. 

Figs. 3 to 7 show circuit structures of semi- 
conductor integrated circuits according to embodi- 
ments of the present invention, of which: 

Rg. 3 is a block diagram showing an em- 
bodiment in which the present invention is applied 
to two memory cell arrays having different numbers 
of different parallel inputf output bits; 

Rg. 4 is a block diagram showing an em- 
bodiment in which the invention is applied to two 
memory celt arrays constituted by memory cells of 
different structures; 

Rg. 5 is a block diagram showing an exam- 
ple of a system using a memory device according 
to the embodiment of Rg. 4; 



Rg. 6 is a block diagram showing an em- 
bodiment in which the invention is applied to two 
memory cell arrays having divided bit-line struc- 
ture; 

s Rg. 7 is a block diagram showing an em- 

bodiment in which the invention is applied to two 
memory cell arrays having different numbers of 
rows; 

Rg. 8 is a circuit diagram showing a typical 
70 unit of a word line driver shown in Rg 7; and 

Rg. 9 is a block diagram showing an em- 
bodiment in which the invention is applied to a 
cache memory having three memory cell arrays. 

;s An embodiment of the present invention will 

now be described in detail, with reference to Rg. 3. 

Rg. 3 shows a memory section of a memory- 
containing logic LSI. The LSI of Rg. 3 having 
memory cell arrays 1 and 2 of different structures; 

20 row decoder 3 for selecting rows, which are pro- 
vided commonly for memory cell arrays 1 and 2; 
column decoder for selecting columns of memory 
cell array 1; and column decoder 5 for selecting 
columns of memory cell array 2. Each of memory 

25 cell arrays 1 and 2 is constituted by, for example, 
two-dimensionally arranged static-type memory 
cells 6. The storage capacity (number of cells) of 
memory cell array 1 differs from that of memory 
cell array 2. Also, the number of bits of data, which 

30 can be accessed by a single access operation, 
differs between memory ceil arrays 1 and 2. The 
number of rov/s and row pitch LR of memory cell 
array 1 are identical to those of memory cell array 
2. A plurality of word lines WL are connected to 

as row decoder 3, and each word line WL is com- 
monly connected to mutually corresponding mem- 
ory cells 6 of memory cell arrays 1 and 2. Address 
signals Ai to Aj which are common to memory cell 
arrays 1 and 2 are supplied to row decoder 3. Pairs 

40 of bit lines BL and BITare connected to column 
decoders 4 and 5, and each pair of bit lines BL and 
BtT~are connected to memory cell 6 of the cor- 
responding column. Column decoders 4 and 5 re- 
ceive non-common address signals Aj + 1 to Ak 

45 and Aj + 1 to A'k. 

Since row decoder 3 is commonly used for 
memory ceil arrays 1 and 2, it is therefore suffi- 
cient to provide a single row decoder, with the 
result that the capacity of a gate input section can 

so be made smaller, and the signal lines for common 
address signals Ai to Aj made shorter, in compari- 
son to the prior art. Thus, the floating capacity of 
the common address signal lines can be de- 
creased, and as a result, common address signals 

55 Ai to Aj can be transmitted at high speed, and 
memory cell arrays 1 and 2 quickly accessed. 

~ With"the"structure of"Rg/3rmemory cell arrays- 
1 and 2 can be arranged in series in the columns 
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direction, and a rectangular pattern can be em- 
ployed for the memory cell arrays, resulting in a 
decrease in the area occupied by memory cell 
arrays 1 and 2. In addition, since only one row 
decoder is needed (two row decoders are needed 
in the prior art), the area of the chip can be 
reduced in size by the equivalent of the space 
required by a second decoder. Thus, the chip size 
can be decreased, and the chip cost reduced. 

Fig. 4 shows a part of a cache memory accord- 
ing to a second embodiment of the present inven- 
tion. This cache memory comprises first memory 
cell array 1 having one port. Including two-dimen- 
sionally arranged memory cells 6; second memory 
cell array 9 having two. ports, including two-dimen- 
sionally arranged memory cells 10; row decoder 3 
commonly used for the first ports of memory cell 
arrays 1 and 9; column decoder 4 exclusively used 
for memory cell array 1; column decoder 5 exclu- 
sively 'used for the first port of memory cell array 9; 
row decoder 7 exclusively used fbt'the second port 
of memory cell array 9; and column decoder 8 
exclusively used for the secorjd port of memory 
cell array 9. Row decoder 7 is located opposite to 
row decoder 3, with memory ceil arrays 1 and 9 
interposed therebetween, while column decoder 8 
is located opposite to column decoder 5, with 
memory cell array 9 interposed therebetween. 
Memory cell arrays 1 and 9 have the same number 
of rows and row pitch LP. 

Row decoder 3 receives address signals Ai to 
Aj which are common for the first and second 
memory cell arrays 1 and 9. A plurality of word 
lines WL1 are connected to row decoder 3, each 
word line WL1 being also connected commonly to 
memory cells 6 and 10 of the corresponding row of 
memory cell arrays 1 and 9. Address signals Aj + 1 
to Ak are supplied to column decoder 4, to which 
pairs of bit lines BL and BL are connected, each 
pair of bit lines BL and BITbeing also connected to 
a memory cell 6 of the corresponding column. 
Address signals A'j + 1 to A'm and A'm + 1 to a'k 
are supplied to column decoder 5. to which pairs of 
bit lines 8L1 and BL1 are connected, each pair of 
bit lines BL1 and BTTbeing also connected to the 
first port of memory cell 10 of the corresponding 
column. Address signals Bi to Bj are supplied to 
row decoder 7, to which a plurality of word lines 
WL2 are connected, each word line WL2 being 
also connected to the second port of memory ceil 
10 of the corresponding row of memory cell array 
9. Address signals Bj + 1 to Bm and Bm+1 to Bk 
are supplied to column decoder 8, to which pairs of 
bit lines BL2 and BL2 are connected, each pair of 
bitlines BLSTand BL2 being also connected to the 
second port of memory cell 10 of the correspond- 
ing column. The structure of each memory cell 6, 
10 can be conventional. 



Each memory cell 6 of first memory cell array 
1 is selected by address signals Ai to Aj and Aj + 1 
to Ak. the first port of each memory ceil 10 of 
second memory cell array 9 is selected by address 
5 signals Ai to Aj and A j + 1 to A k, and the second 
port of each memory cell 10 is selected by ad- 
dress signals Bi to Bj and Bj + 1 to Bk. 

In second memory cell array 9. the first port is 
accessed by a combination of row decoder 7 and 
;o column decoder 5, and the second port is acces- 
sed by a combination of row decoder 7 and col- 
umn decoder 8. In first memory cell array 1, acces- 
sing is performed by row decoder 3 and column 
decoder 4. Two-port type memory cell array 9 can 
is incidentally, be replaced with a three-port type 
memory cell array. 

According to the structure shown in Fig. 4, 
high-speed operation and reduction in chip size 
and cost can be realized, for the reasons set forth 
20 above in connection with the structure shown in 
Fig. 3. 

The cache memory having a one-port memory 
and a two-port memory, as shown in Fig. 4, is 
used, for example, in a computer system in which 
25 a CPU bus and a system bus are separated from 
one other. An example of this type of computer 
system will now be described, with reference to 
Fig. 5. 

Referring to Fig. 5, memory cell array 1 is 

30 used to retain data, and memory cell array 9 is 
used to retain TAG + Valid data. Address signals 
on a CPU bus are supplied to decoders 3 to 5, 
whereas decoders 7 and 8 are supplied with ad- 
dress signals on a system bus. Data to be written 

35 In or read out from a memory cell selected by 
address signals on the CPU bus is transferred 
through CPU bus, and that read out from the sec- 
ond port of memory cell array 9 is fed to a main 
memory through the system bus. 

40 In the structure of Fig. 5, first memory cell 

array 1 is accessed only from the CPU, whereas 
second memory cell array 9 is accessed both from 
an external device connected to the system bus 
and from the CPU. 

45 Fig. 6 shows a part of a memory-containing 

type logic LSI according to a third embodiment of 
the present invention. Referring to Fig. 6, memory 
cell arrays 21 and 22 have different numbers of 
parallel input/output bits, as well as having statlc- 

60 type memory cells 6, and a divided word line 
structure (main word lines MWL and subword lines 
SWL). 

In addition, cell arrays 21 and 22 have the 
same number of rows and the same main word 

- 55 pitcrn~are arranged in -series- in- the tow-direction 

and, have a rectangular pattern as a whole. Arrays 
21 and 22 are commonly connected to row decoder 
3, to which address signals Ai to Aj for selecting 
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rows of memory ceil arrays 21 and 22 aresupplied 
(although, in the figure, address signals Ai to Aj are 
supplied from an external section, they can also be 
produced within the decoder). Also connected to 
row dedfeer 3 are main word lines MWL, each of 
which is additionally connected to a section select 
gate circuit 23 (a NOR gate in the figure) of the 
corresponding row of memory cell arrays 21 and 
22. 

Section decoder 24 is connected to memory 
cell array 21 , and section decoder 25 is connected 
to memory ceil array 22. Address signals Aj + 1 to 
At for section select in memory cell array 21, 
along with activation control signal ENO. are sup- 
plied to section decoder 24 (although, in the figure, 
address signals Aj+1 to A2 are supplied from an 
external section, they cain als o be pro duced within 
the decoder) Address signals A'j + 1 to X*Tfor sec- 
tion select in memory cell array 22, along with 
activation control signal EN1, are supplied tosec- 
tion decoder 25 (although address signals Aj + 1 to 
Ttlare supplied from* an -external section in the 
figure, these can also be produced within the de- 
coder). Section lines SDO, SDL. .are connected to 
each of section decoders- 24 and 25, and also to 
gate circuits 23 of the corresponding sections of 
memory cell arrays 21 and 22. 

Subword lines SWL are connected to gate cir- 
cuits 23, each subword line SWL also being con- 
nected to a plurality of memory cells 6 (for exam- 
ple, four in array 21 , and eight in array 22) of the 
corresponding row. 

In the embodiment of Fig. 6, as in the embodi- 
ments of Figs. 3 and 4, memory cell arrays 21 and 
22 column decoders 4 and 5. Column selection 
address signals At + 1 to M~are supplied to col- 
umn decoder 4, and column selection address sig- 
nals Ai + 1 to alTare supplied to column decoder 
5. Each column decoder is connected to bit lines 
(not shown) and to memory cells of the corre- 
sponding columns. 

The operation of the memory circuit of Fig. 6 
will now be described. Row decoder 3 decodes 
address signals Ai to Aj, and sets the potential of 
one of main word lines MWL to an active level (a 
low level in the figure), thus selecting a row in 
memory cell arrays 21 and 22. Section decoder 24 
is activated when activation control signal ENO is in 
the active state ("1" level In this embodiment), to 
decode address signals Aj + 1 to At and set the 
potential of one of section lines SDO, SD1... of 
memory cell array 21 to a low level, thus selecting 
a section line. As a result, the output level of gate 
circuit 23 connected to the selected section line 
and selected main word line MWL is set to "1", 
_an_d the_potentia! of the corresponding subword line 
SWL is set to the active level (high level). In this 
way, memory cells 6 connected to the subword line 



SWL are selected. Column decoder 4 decodes 
address signals AI + 1 to Ak, selects columns of 
memory cell array 21, and performs data write- 
in/read-from the selected memory cell through bit 

s lines (not shown). 

The same operation is performed with respect 
to memory cell array 22. Namely, main word bit 
MWL is selected by row decoder 3, and a section 
line is selected by section decoder 25 when activa- 

w tion control signal EN1 is in the active level. Upon 
selection of the section line and the main word line, 
subword line SWL is selected, and column des- 
ignated by the address signals are selected by 
column decoder 5. 

15 With the structure of Fig. 6, high-speed opera- 

tion and reduction in chip size and cost can be 
realized for the reasons set forth above in connec- 
tion with the embodiment of Fig. 3. Even if, in the 
case of the structure of Fig. 6, the number of 

20 common address signals of memory cell arrays 21 
and 22 is small, row decoder 3 can still be com- 
monly used by both cell arrays. By performing 
section selection of the memory cell arrays, the 
number of activated memory cells may be made 

25 small. Since the two memory cell arrays are in- 
dividually activated/inactivated by activation control 
signals ENO and EN1 , only one of the two memory 
cell arrays can be accessed if necessary, thus 
saving power consumption. 

30 Fig. 7 shows a memory-containing type logic 

LSI according to a fourth embodiment of the 
present invention. Referring to Fig. 7, memory cell 
arrays 31 and 32 are arranged with word line driver 
33 interposed therebetween. Memory cell arrays 31 

as and 32 have a rectangular pattern as a whole, and 
are connected commonly to row decoder 3. 

First memory cell array 31 is a static-type 
memuty lh\ \ an a y having a divided word line struc- 
ture, and includes section decoder 34 and column 

40 decoder 4. Row decoder 3 receives address sig- 
nals Ai to Ai which are to be commonly used in cell 
arrays 31 and 32, section decoder 34 receives 
section selection address signals Aj + 1 to Ai and 
activation control signal EN, and column decoder 4 

46 receives column selection address signals At+1 
to Ak. 

In contrast second memory cell array 32 com- 
prises two-dimensionally arranged dynamic-type 
memory cells 35, and has four times the number of 

so rows of first memory cell array 31. One main word 
line of first memory cell array 31 corresponds to 
four word lines WLO to WL3 of second memory 
cell array 32. Each dynamic-type memory cell 35 
is connected to a corresponding one of word lines 

55 WLO to WL3. Memory cells 35 connected to word 
lines WLO and WL2 are also connected to bit line 
BL, and those connected to word lines WLr and 
WL3 are also also connected to bit line BL . Bit 
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lines BL and BL are in turn, connected to sense 
amplifier 36. Column decoder 5 for memory cell 
array 32 is provided adjacent to sense amplifier 36, 
and receives address signals A j + 1 to Am for 
selecting columns in memory cell array 32. The 
pitch of main word lines MWL (or subword lines 
SWL) of first memory cell array 31 is larger than 
that of word lines WLO to WL3 of second memory 
cell array 32 by a positive integer number of times 
(in this embodiment four times). 

Word line driver 33 is connected to main word 
Ones MWL of first memory ceil array 31 and word 
Ones WLO to WL3 of second memory cell array 32. 
When main word lines MWL are activated, word 
line driver 33 selects and activates one of the 
corresponding four word lines WLO to WL3. in 
accordance with word line drive signals DRO to 
DR3. Fig. 8 shows an example of word line, driver 
33Jgr; driving a unit of word lines WLO to WL3. 

As can be seen in Fig. 8i ;word line drive 
circuits WDO to WD3 are provided' for driving cor- 
responding word lines WLO to WL3, the word lines 
being connected to series nodes of the drive cir- 
cuits. Each of word line drive circuits WDO to WD3 
is constituted by series-connected N-channel MOS 
transistors N1 and N2. The sources of transistors 
N2 are grounded, and the gates thereof are com- 
monly connected to the corresponding man word 
line MWL of first memory cell array 31 . The drains 
of transistors N1 are connected to input nodes of 
word line drive signals DRO to DR3. and the gates 
thereof are connected to first terminals of transfer 
gates TGO to TG3. The gates of transfer gates TGO 
to TG3 are connected to V D0 voltage nodes, and 
second terminals of transfer gates TGO to TG3 are 
commonly connected to an output terminal of in- 
verter INV. An input terminal of inverter INV is 
connected to the corresponding main word line 
MWL 

The operation of the word line driver shown in 
Fig. 3 will now be described. When main word line 
MWL is in the inactive state (high level), each 
transistor N2 is turned on. and word lines WLO to 
WL3 are set to the low level (inactive state). When 
main word line MWL is in the active level (low 
level), each transistor N2 is turned off, and the 
output of inverter INV is set to the high level. Thus, 
transfer gates TGO to TG3 are turned on, as well as 
each transistor N1. In this state, one of word line 
drive signals DRO to DR3 is set to the active state 
(high level), and the others set to the inactive state 
(low level). Only a word line connected to transistor 
N1 , to which the word line drive signal of the active 
state is supplied. is set to the high level (active 
state), the other word lines being set to the low 
level (inactive state). 

The operation of the memory device shown in 
Fig. 7 will now be described. When memory cells 
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in memory cell array 31 are selected, row address 
signals Ai to Aj, each indicating a row of memory 
cells 6 (to be selected), are supplied to row de- 
coder 3. section address signals Ai + 1 to Al in- 
dicating a section (to be selected) and activation 
control signal EN are supplied to section decoder 
34, and column addresses At + 1 to Ak indicating a 
column (to be selected) are supplied to column 
decoder 4. In this way, desired memory cells in 
memory cell array 31 are selected. On the other 
hand, when memory cells 35 in memory cell array 
32 are selected, row address signals Ai to Aj in- 
dicating main word line MWC corresponding to 
word lines WLO to WL3 (to be selected) are sup- 
plied to row decoder 3. word line drive signals DRO 
to DR3 indicating word lines WLO to WL3 (to be 
selected) are supplied to word line drive circuit 33, 
arid column address signals A 1+1 to A k indicat- 
ing a column to be selected are supplied to column 
decoder 5. In this manner, desired memory cells 
35 in memory cell array 32 are selected. 

With the structure of Fig. 7, high-speed opera- 
tion and reduction in chip size and cost can be 
realized, for the reasons set forth above in connec- 
tion with the embodiment of Fig. 3. Since static- 
type memory cell array 31 can be 
activated/inactivated by activation control signal 
EN, and dynamic-type memory cell array 32 can 
be activated/inactivated by word line drive signals 
DRO to DR3, the two memory cell arrays can 
therefore be independently activated. If only one of 
the memory cell arrays is to be activated, the other 
memory cell array can be set in the inactive state, 
thereby saving on power consumption. 

Asynchronous accessing can be performed on 
pe memory cell array 31 by activating ac- 
tivation control signal EN, while synchronous ac- 
cessing can be performed on dynamic-type mem- 
ory cell array 32 by selectively activating word line 
drive signals DRO to DR3 in accordance with syn- 
chronizing signals. 

The above embodiments specifically apply to 
the case where two memory cell arrays having 
different structures are combined. However, the 
present invention is not limited to these embodi- 
ments, and three or more memory cell arrays may 
be combined. In this regard, an embodiment in 
which three memory ceil arrays having different 
structures are combined will now be described with 
reference to Rg. 9. 

Rg. 9 shows a main part of a cache memory 
device which comprises DATA memory 41, TAG 
memory 42. and PID + VALID memory 43. DATA 
memory 41, for storing data, has a divided word 
line" structure, and includes 16 sections each con- 
sisting of 32 columns. When two sections of DATA 
memory 41 are simultaneously activated. 64 bit 
data are output in parallel. TAG memory 42, for 
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storing TAG data. Is constituted by a single port 
memory, has a divided word line structure, and 
includes 4 sections each consisting of 18 columns. 
PID + VALID memory 43 stores PID (process ID) 
data and VALID data, and comprises an array for 
storing PID data and one for storing VALID data. 
The array for storing PID data comprises CAM 
(content addressable memory) cells, has a divided 
word line structure, and includes four sections each 
consisting of four columns. The array for storing 
VALID data is constituted by a dual port memory, 
and. like that for storing PID data, has a divided 
word line structure, and includes four sections each 
consisting of four columns. 

All three memories have the same number of 
rows (29 in the figure). Row decoder 44 is com- 
monly provided for the three memories, and main 
word lines MWL, connected to row decoder 44, are 
provided for respective rows. Section word line 
selectors SWS are connected to main word lines 
-MWL, and section word line SWL is connected to 
selector SWS. Memory celfe^are connected to sec- 
tion word line SWL 

Section decoder 45, for selecting sections in 
DATA memory 41, receives address signals A3 to 
AS, and is line SS, in turn, is connected to cor- 
responding section word line selector SWS. TAG 
memory 42 and PID + VALID memory 43 are con- 
nected to section (not shown). 

Data are input to and output from DATA mem- 
ory 41 through data input/output buffer 46. 16-bit 
output data of TAG memory 42 is supplied to one 
input terminal of comparator 47, the other input 
terminal of comparator 47 receiving TAG address 
signals A15 to A31. An 8-bit out-put of PID + VALID 
memory 43 is fed to VALID logic circuit 48. Output 
signals of comparator 47 and VAUD logic circuit 48 
are supplied to AND gate 49. An output data signal 
from AND gate 49 indicates a cache hit, and is fed 
to a control terminal of inputtoutput buffer 46. 

Data is read out from the cache memory of 
Fig. 9 in the following manner. 

First, main word line MWL is selected by row 
address signals A6 to A14. A section in DATA 
memory 41 is selected by section address signals 
A3 to A5. A 64-bit readout data is fed to i/O buffer 
46. 

Comparator 47 outputs a high-level signal 
when it judges that the output data of the memory 
cell selected by main word line MWL and the 
second section address coincides with TAG ad- 
dress signals A15 to A31. At the same time, VALID 
logic circuit 48 operates of the basis of output data 
of PID + VALID memory 43. and outputs a high- 
level signal when it judges that the readout data is 
valid. 

AND gate 49 produces a high-level signal when 
it judges that two input signals are at high-level, 



that is, when the readout TAG address and the 
supplied TAG address coincide with one another 
and the data read out from VALID logic circuit 48 is 
valid. This signal serves as a cache hit signal, and 

s in response thereto, buffer circuit 46 outputs the 
64-bit data read out from DATA memory 41 to 
outside of the cache memory device. 

In the case of the above structure, the three 
memories commonly use a single row decoder. 

70 Common main word lines are provided for the 
three memories. As a result, the operation speed 
can be increased, and the power consumption re- 
duced. 

As is described above, according to the semi- 
js conductor integrated circuit of the present inven- 
tion, the capacity of the address signal lines com- 
monly used by two or more memory cell arrays 
can be reduced, and highspeed operation realized. 
Moreover, since the chip size can be reduced, the 
20 unit manufacturing cost can therefore be de- 
creased; and if the memory cell arrays are con- 
trolled by activation control signals, unnecessary 
power consumption can be minimized. Further- 
more, the operability of this invention can be en- 
25 hanced if the static-type memory cell array is ac- 
cessed by activation control signals in a non-syn- 
chronous manner, and the dynamic-type memory 
cell array by word line drive signals in a synchro- 
nous manner. 

30 In the embodiments of Figs. 3 to 6 and 9, the 

pitch of word lines of each memory cell is made 
equal; however, this may be changed, if desired. In 
the embodiment of Figs. 7 and 8, it is not essential 
that the pitch of main word lines be four times that 

35 of word lines WLO to WL3. However, in the case 
where the pitch of the main ward fines is not four 
times that of the ward lines, the plan view of the 
memory cell array is not rectangular. 

Also, in all of the above embodiments, it is not 

40 essential that the word line commonly connected to 
a plurality of memory ceil arrays be continuous. 
For example, as shown in Fig. 9, a drive circuit 
such as sT buffer may be arranged midway along 
the word line. 

45 

Claims 

1. A single-chip integrated circuit having a 
so memory circuit characterized by including: 

a first memory cell array (1) having row and col- 
umn addresses, for storing information, and con- 
stituted by a plurality of memory cells (6) arranged 
in a matrix of rows and columns; 
55 a second memory cell array (2) having row and 
column addresses, constituted by a plurality of 
memory~ceHs (6) "a>ranged "in a" matrix~af rowsTand 
columns, and having the same number of rows as 
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said first memory cell array (1), having a structure 
different from that of said first memory cell array 
(1), said first and second memory cell arrays hav- 
ing common row addresses (Ai to Aj); 
a plurality of word lines (WL) each connected to 
the memory cells (6) of the corresponding row of 
said first and second memory cell arrays (1. 2), for 
selecting said memory cells when the potential of 
the word line is set to an active level; 
a decoder (3) connected to said plurality of word 
lines (WL). for decoding said row addresses (Ai to 
Aj) and setting the potential of the word line (WL) 
corresponding to said row addresses to the active 
level; 

a plurality of first bit lines (BL),' each connected to 
the memory cells (6) on a corresponding column in 
said first memory cell array; 

a plurality of second bit lines (BL), each connected 
tQjhe.memory cells (6) on a corresponding column 
in said second memory cell array;;;; - 
a first column decoder (4), connected to said first 
bit lines (BL) and receiving first column addresses 
(Aj + 1 to Ak), for writing data, via said first bit lines 
(BL). into the memory cells designated by said row 
addresses (Ai to Aj) and said first column ad- 
dresses (Aj + 1 to Ak), and for reading out data, via 
said first bit lines (BL), from said designated mem- 
ory cells; and 

a second column decoder (5), connected to said 
second bit lines (BL) and receiving second column 
addresses (A'j + 1 to A'k), for writing data, via said 
second bit lines, into the memory cells designated 
by said row addresses (Ai to Aj) and said second 
column addresses (A'j + 1 to A'k), and for reading 
out data, via said second bit lines, from said des- 
ignated memory cells. 

2. A semiconductor device characterized by 
comprising: 

a single-chip integrated circuit having a memory 
circuit including: 

First memory cell array means (1), for storing in- 
formation, and constituted by a plurality of memory 
cells (6) arranged in a matrix of rows and columns; 
second memory cell array means (2), constituted 
by a plurality of memory cells (6, 10, 35) arranged 
in a matrix of rows and columns, and having the 
same number of rows as said first memory cell 
array means (1), having a structure different from 
that of said first memory cell array means (1), said 
first and second memory cell array means com- 
monly having some (Ai to Aj) addresses; 
word line means (WL; MWL, SWL 23, 33, WLO to 
WL1) connected to the memory cells of said first 
and second memory cell arrays means (1, 2), for 
selecting said memory cells; 
row decoder means (3) connected to said word line 
means, for decoding said some (Ai to Aj) of said 
addresses and driving said word line means to 



select the memory cells designated by said some 
of said addresses; 

first bit line means (BL), connected to the memory 
ceils (6) of said first memory cell array means (1 ), 

5 for transmitting data; 

second bit line means (BL), connected to the mem- 
ory cells (6, 10) of said second memory ceil array 
means (2), for transmitting data; 
first column decoder means (4) connected to said 

70 first bit line means and receiving first column ad- 
dresses (Aj + 1 to Ak) for writing data, via said first 
bit line means (BL), into the memory cells des- 
ignated by said commonly used addresses (Ai to 
Aj) and said first column addresses (Aj + 1 to Ak), 

is and for reading out data, via said first bit line 
means (BL), from said designated memory cells; 
and 

second column decoder means (5), connected to 
said second bit line means and receiving second 

20 column addresses (A'j + 1 to A'k), for writing data, 
via said second bit line means (BL), into the mem- 
ory cells designated by said commonly used ad- 
dresses (Ai to Aj) and said second column ad- 
dresses (A'j + 1 to A'k), and for reading out data, 

25 via said second bit line means (BL), from said 
designated memory cells. 

3. The semiconductor device according to 
claim 2. characterized in that said first and second 
memory cell array means (1, 2) have the same 

30 number of rows. 

4. The semiconductor device according to 
claim 2, characterized in that the number of rows of 
said second memory cell array means (32) is larg- 
er by a positive-Integer number of times than that 

35 of said first memory cell array means (31 ). 

5. The semiconductor device according to 
claim 4, characterized in that said word line means 
(WL) includes: 

first word lines (WL), provided for respective rows 
40 of said first memory cell array means (31); 

second word lifTes (WLO to WL3) provided for re- 
spective rows of said second memory cell array 
means (32); and 

word line driver means provided for each of said 
45 first word lines (WL), and connected to a plurality 
of corresponding ones of said second word lines 
(WLO to WL3). said word line driver means receiv- 
ing word line selection signals (DRO to DR3) to 
drive said second word lines (WLO to WL3) in 
so accordance with the potential of said first word 
lines (WL) and said word tine selection signals 
(DRO to DR3). 

8. The semiconductor device according to 
claim 2, characterized in that said first memory cell 
ss array means~{1 )~ and" said ~second~memory cell 
array means (2) are different from each other, at 
least with respect to one of the structure of the 
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memory cells constituting the memory cell arrays, 
the storage capacity, and the number of parallel 
input/output bits. 

7. The semiconductor device according to 
claim 6, characterized in that said first memory cell s 
array means (1) comprises static-type memory 
cells, and said second memory cell array means 

(2) comprises dynamic-type memory cells. 

8. The semiconductor device according to 
claim 6, characterized in that said first memory cell to 
array means (1) comprises single-port memory 
cells (6). 

said second memory cell array means (2) com- 
prises dual-port memory cells (10), 
said word line means (WL1) and said second bit is 
tine means (BL1) are connected to first ports of 
said dual-port memory cells (10), and 
said second memory cell array means (2) includes 
a second port row decoder (7) and a second port 
column decoder (8), both connected* to second zo 
ports of said dual-port mempry cells. - 

9. The semiconductor, "tie vice according to 
claim 8, characterized in that said memory circuit 
"constitutes a cache memory contained in a data 
processing system, said row decoder means (3) 25 
and said first and second column decoder means 

(4. 5) are connected to a CPU bus connected to a 
CPU (central processing unit), and 
said second port row decoder (7) and said second 
port column decoder (8) are connected to a system so 
bus provided separately from said CPU bus. 

10. The semiconductor device according to 
claim 2, characterized in that said first memory cell 
array means (1), said second memory cell array 
means (2), and said row decoder means (3) are 35 
arranged in a direction of rows, in a substantially 
rectangular pattern. 

11. A memory device comprising first memory 
cell array means (1) for storing information, and 
second memory cell array means (2) having a 40 
structure different from the structure of said first 
memory cell array means and using part (Ai to Aj) 

of addresses commonly with said first memory ceil 
array, 

characterized in that said device further comprises 45 
a decoding means (3) provided commonly for and 
commonly connected to said first and second 
memory cell array means, for decoding said com- 
monly used addresses (Ai to Aj). 

so 
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